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emotional sensations3). Another paper discusses histori-
cal aspects of the emotion related James-Lange theory4).
　On the other hand, continuity of emotion between 
animals and humans was initially discussed by Charles 
Darwin5). His idea led to a basic emotion theory where 
emotion consists of a limited set of fundamental emo-
tions across species and across cultures. He suggested 
a similarity of facial expression of anger among dogs, 
monkeys and humans, as an example.
　His idea was developed into the basic emotion theo-
ries of Ekman6), Izard7), and Panpsepp8), etc. These ap-
proaches depend on the existence of a small set of dis-
Introduction
　It has been nearly 130 years since William James 
published a seminal paper titled “What is an emotion?”1).
　His hypothesis is well-known as the James-Lange the-
ory which states some emotions are accompanied by 
peripheral bodily change2). For example, fear results as 
an animal encounters a predator which causes an in-
crease in heart rate. His theory stimulated later re-
search into emotions. However, Cannon indicated nega-
tive data to the peripheral hypothesis of the James-
Lange theory, through verifying that surgical separa-
tion of the visceral inputs from the brain did not impair 
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Abstract
　This paper proposes an evolutionary hierarchical hypothesis that feelings/emotions in humans con-
sist of four sub-systems of emotion based on brain structure, brain functions, brain evolution and 
emotional evolution. Feelings/emotions in humans are composed of primitive emotions, core emotions, 
social emotions/feelings and intellectual feelings, with respect to evolution. Primitive emotions are 
composed of two emotions, well and unwell states, that are elicited by positive and negative reinforcers 
in relation to homeostasis. Core emotions are composed of five basic emotions such as pleasure, anger, 
fear, disgust and acceptance or love, which are strongly related to survival of predator-prey situations, 
and gene competition for sexual selection. Social emotions/feelings are induced by cooperation and 
competition in groups.  Intellectual feelings are separated from social emotions/feeling in humans, and 
are related to functions of a symbiotic and cultural nature. This paper discusses each of the character-
istics and boundary conditions in the brain of these four sub-systems of human feelings/emotions 
based on this hierarchical hypothesis of emotions
和文要旨
　この論文は脳の構造と機能，進化に基づいてヒトの感情が 4 つのサブ・システムから成り立っている
感情の進化論的階層仮説を提案するものである。ヒトの感情は進化から原始情動，コア情動，社会的感
情，知的感情から構成されている。原始情動は快・不快からなり身体の恒常性に関係している。コア情
動は生存競争，性選択から喜び，受容/愛情，怒り，恐れ，嫌悪の 5 種類から成り立っている。社会的
感情は群れの中の協力と競争に基礎をおいている。知的感情は人間独自のもので文字と文化に依存して
いる。これら 4 種類のサブ・システムの特性を感情の進化論的階層仮説に基づいて議論している。
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man brain17). Meanwhile, its structures and functions 
would pass through a number of different stages.
　Our idea about the structure and function of the emo-
tions is initially based on the triune brain model of Ma-
cLean’s. It also depends on the functional base model 
from social psychology, which classifies individuals’ in-
teractions with the environment and others into four 
levels; intra-individual, inter-individual, intra-group, and 
inter-group18). This suggests that the experiences of an 
individual’s interactions with their environment and 
others expand through evolution toward larger groups, 
thereby leading to a larger brain. Our hypothesis of 
emotions/feelings consists of four evolutionary sub-sys-
tems (Fig. 1).
　The individual sub-system consists of a single sub-
ject, meaning that the maintenance of one’s body is im-
portant to life. Main functions to support the body in-
clude energy supply, water balance, temperature regu-
lation, and reproduction19). For example, oviparous fish 
lives a primarily solitary life in the sea with little or no 
embryonic development within the mother. Their early 
nervous system might be developed for maintaining a 
full body in a homeostatic condition.
　The second term, inter-individual, including predator 
and partners, means basically coping with others in 
one-to-one relationships. Here surviving among other 
animals requires further evolution of higher processing 
of sensory and motor information, leading to abilities 
such as escaping and defending oneself from predators, 
abilities which are selected for through increased sur-
vival of more environmentally aware individuals. Fur-
thermore, competition for finding and selecting a part-
ner also plays a strong role with respect to competition 
in gene selection20).
　The third term, intra-group means an ability to sur-
vive among a small number of group members21, 22). 
Groups can include family and/or others. 
　The fourth term, inter-group, means knowledge for 
forming relationships among complex groups, including 
between neighboring groups. This knowledge includes 
that necessary for coexistence, competition, and conflict 
in order to maintain and expand one’s own group’s ter-
ritory and status. It is likely that only humans have ac-
quired this fourth ability.
　Brain functions evolved for each of these four interac-
tion types differentially. The function of the emotional 
system is also different for each sub-system (Fig. 2).
crete emotions in humans or primates. However, the 
number of basic emotions depends on each researcher9). 
Ekman introduced six basic emotions from human fa-
cial expression, while Panpsepp proposed four emotions 
as basic emotions from animal behavior, thus these ap-
proaches have not categorically fixed the number of 
basic emotions.
　It is suggested that emotion theory4) can be generally 
classified into the single-system model10), the dual-sys-
tem model11, 12), and the multiple-system model8). Also 
there are cognitive and social constructionist theories of 
emotions13). Various theories have been developed about 
emotions, but we are far from a unified theory of uni-
versal emotions.
　Recently, neuroscience research has started report-
ing on emotion on the basis of brain mechanisms. The 
brain is one unit, and it is believed that all affects are 
controlled in the brain. Humans experience various af-
fective feelings from primitive emotions of well and un-
well states to higher emotional feelings which are 
thought to be uniquely human such as love and guilt. 
Among these higher emotional feelings, social emotions 
in the real world are mainly found in primates and hu-
mans. Emotions can be studied at many different hier-
archical levels14,15), and at present there is too little 
cross-talk among researchers investigating distinct lev-
els of emotion. In this paper we suggest a hypothesis 
regarding how emotions can be classified as a whole 
which corresponds to brain functions developed through 
evolution.
1. Hierarchical hypothesis of evolutional emotions
　The brain is one whole unit, and it is common sense 
that emotions are controlled by the brain. However, this 
does not mean that it is possible to explain the emotion 
mechanism using one unified theory spanning lower an-
imals to humans. It is reasonable that emotional feelings 
in humans consist of several separate sub-systems 
structurally and functionally as a result of evolution.
　MacLean suggested initially that the brain shows a 
structural evolutional hierarchy15). According to this 
model of brain evolution, the brain is divided conceptu-
ally into three levels, the reptilian brain, the old mam-
malian brain, and the new mammalian brain. The early 
animal lived in the sea using only a small number of 
neurons, and such a small brain could only perform sim-
ple information processing for bodily control and simple 
movements16). Through evolution the brain became 
larger and more complicated, developing into the hu-
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Four sub-systems
Primitive emotions
well, unwell
（midbrain, hypothalamus）
Core emotions
pleasure, acceptance/love,
fear, anger, disgust
(limbic system)
Social emotions/feelings
love, familiarity, shyness, laugh
hate, jealousy, sadness, etc
(paleocortex, neocortex)
Intellectual feelings(human only)
agape, guilty, shame, amae, etc
(neocortex)
Emotions
Feelings
Emotional 
feeling
Intra-individual
Inter-individual
Intra-group
Inter-group
Evolutional expansion in subjects
Fig. 1　 Evolutional hierarchical model of emotions/feelings in humans. Human feelings consist 
of four sub-systems of primitive emotions, core emotions, social emotions/feelings and 
intellectual feelings, to higher control of affective behavior. The hypothesis is also 
based on subject relationships with the environment and others, intra-individual, in-
ter-individual, intra-group and inter-group, respectively. Evolution shows expansion of 
subjects to the self and others, progressing according to sensory and motor processing 
abilities. The primitive emotions are well and unwell states, and core emotions are only 
the five basic emotions of pleasure, acceptance/love, fear, disgust and anger for sur-
vival of individual animals in the predator-prey relationship and sexual selection. Social 
emotions/feeling are love, familiarity, hate, etc, that are important in bonding and fight-
ing in group. Intellectual feelings are agape and guilt, for example, and are man-made.
Fig. 2　 The putative brain model for the evolutional hierarchical hypothesis of emotions/feel-
ings in humans. The human brain is divided functionally into four sub-systems of the 
primitive brain, the emotional brain, the social brain and the intellectual brain. The 
primitive brain is mainly related to the midbrain and hypothalamus, the emotional brain 
to the limbic system, the social brain to the paleocortex and cortex, and the intellectu-
al brain to the neocortex, respectively.  External information enters differentially to 
each area. Contrastingly internal information passes through the hypothalamus. Each 
sub-brain corresponds functionally to maintenance of the body, individual and group 
relationships, and finally to maintain a human-like natures in the last brain. 
Intellectual brain
Social brain
Emotional brain
Primitive brain
External information
Body information
External output
Body 
expression
Maintain as human-like
(Self-organization of information)
Maintain of relationship
(social environment)
Maintain of individual 
(nature environment)
Maintain of body
(milieu interieu)
Primitive emotions
Core emotions
Social emotions/feelings
Intellectual feelings
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Core emotions
　With evolution, the requirement for higher energy 
effectiveness of food such as meat protein was import-
ant for animals. Such a relationship between prey and 
predator among fish is easily found in the sea. More 
severe competition emerged after animals crawled out 
of the sea onto the ground. Here animals had to acquire 
various escape behaviors to avoid predation. New abili-
ties to discriminate friend from enemy were required to 
escape dangerous situations and to arrest movement 
and to hide from predators. It is impossible to perform 
these functions with primitive emotions in the primitive 
brain. Thus a new brain area evolved which included a 
new decision-making, or choice function to cope with 
the complexity of the environment. Core emotions, one 
of the new decision-making systems, were evolved 
when mammals climbed onto the ground from the sea, 
and survived in the complex environments. Core emo-
tions might be basically classified into five emotions 
through evolutions of behavioral repertories; pleasure, 
fear, disgust, acceptance and anger (Fig. 1). Pleasure 
and acceptance/love are based on mechanisms of re-
wards, and fear, disgust and anger are based on pain. 
Pleasure, fear and disgust emotions contribute to pro-
tect the body from predatory animals and to protect 
the body from bad food. Identification of friend or ene-
my is also very important to survival. The discrimina-
tion capacity of visual and auditory information was 
dominant, and then the role of odor and somatosensory 
processing capacity changed to auxiliary systems of de-
cision-making due to visual and auditory processing.
　On the other hand, regarding species maintenance, 
sexual competition around males and females became 
strict as animals evolved from agamogenesis to game-
togony.  Intersexual selection became severe because of 
selfish genes20). This led to the new emotions of accep-
tance/love and anger as necessary conditions to sur-
vive sexual competition and raise children. These emo-
tions induced both attack and attach behaviors. As for 
relationships in this stage, predator and spouse are im-
portant, meaning inter-individual relationships hold.
　Thus the repertoire of animal behavior expands and 
shows increasing diversity. The core emotions of plea-
sure, fear, disgust, acceptance/love and anger in this 
way might contribute to select and choose correspond-
ing behaviors, as a minimum requirement. These five 
different kinds of emotions were developed together in 
the larger brain such as the emotional brain. 
　Various researchers list basic emotion theories, but 
Primitive emotions
　The central nervous system evolved from the physi-
cal accommodative needs of multi-cellular organisms. 
For example, the CNS of the ascidian is unique so that 
only the ganglion controlling the internal organs re-
mains after it loses active movement at the larval stage 
and remains fixed at a stationary location16). Its ganglion 
works as an autonomic nervous system regulating in-
ternal control to maintain homeostasis16). A nervous sys-
tem contributing to a motor and sensory system is re-
quired when movement evolves. Also, as a necessity 
condition, the primitive nervous system has to involve 
most important functions for the maintenance of life, 
so-called instinct functions in animals. They include the 
CNS to regulate maintenance of energy and nutritional 
supplies, fluid balance, and body temperature regula-
tion for survival in the environment19).
　Perhaps initial food could be phytoplankton and ani-
mal corpses17). Cerebral functions in a primitive sea 
were enough only for finding simple food so the diges-
tive system was not complicated. These abilities to 
choose food sources were functions dependent on well 
and unwell categorization, which is involved in primi-
tive reward and disgust functions using chemical reac-
tions. These processes do not require complex sensory 
information from the external environment and do not 
require rapid motor function, because there were no 
predatory animals to avoid. In this stage, the main func-
tion of the motor system is reflex of movement and 
control of fixed action patterns. Also taste, smell and 
touch sensations were important in sensory discrimina-
tion at an early stage of evolution.
　What is an emotion at the first stage of evolution? 
Fear is likely not present as an emotion at this initial 
stage. As a sufficient condition of the brain to maintain 
only life support, primitive emotions are defined to be 
well and unwell sensations related to body conditions 
(Fig. 1). At the early phase of evolution, the brain was 
not capable of complex abilities such as the core emo-
tions of the next stage. Classical conditioning was an 
important function for interacting with the environ-
ment at this stage, and motor programs of both ap-
proach and avoidance behavior were transcribed at the 
genetic level. The main brain function at this stage is to 
maintain the body’s internal environment. The neces-
sary conditions to this are only the ability to move to 
suitable environments, including securing energy and 
maintaining water and temperature balance.
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study primate emotions. Human use of symbolic letters 
became possible through the evolution of the cerebral 
cortex. The ability to generalize and use abstract think-
ing was necessary to utilize symbolic writing, and as a 
result, we were able to form cultures26). Cultural differ-
entiation is limited among primates, while humans can 
build complex relationships among groups outside of 
family connections, leading to new feelings which deep-
en social life, characteristics unique to humans. For ex-
ample, agape, the love of God, is a human feeling with-
out a corollary among primates. Also, crime, depen-
dence, and mercy occurred in specific areas in the past 
and have since propagated all over the world. Cultural 
technology propagated and has shaped the modern 
world. It might be possible to classify these complex 
human emotions as social feelings, but social feelings 
have progressed to another stage of evolution in hu-
mans. Traces of these might be found in primates, but 
they developed considerable additional complexity in 
human society. We define intellectual feelings as unique 
human feelings here27).
2. Brain and emotion
　Our hypothesis is that functional emotion consists of 
four sub-systems which are organized in a hierarchy 
based on their order of evolution. However, it is not 
clear whether cerebral structure supports the hierar-
chical characteristics of this emotion theory. Evolution 
suggests the brain developed to be more complex and 
bigger over time. MacLean’s triune brain model has a 
well-known cerebral hierarchy15). According to brain 
evolution, the brain is divided conceptually into three 
sub-structures of the reptilian brain, the old mammalian 
brain, and the new mammalian brain. The most ancient 
structure is the reptilian brain and includes the basal 
ganglia, or extrapyramidal motor system15). This area 
controls autonomic primitive behavioral responses in-
cluding whole-body movements related to instinctual 
behaviors. The next level in MacLean’s model is the old 
mammalian brain, composed of limbic system, which 
controls basic emotions related to social relationships. 
These two levels are similarly organized in all mam-
mals. The third level is the neocortex, which is the big-
gest among humans. 
　Panksepp also proposed three sub-systems, the in-
stinctual motor brain, the emotional brain and the ratio-
nal brain8).　He introduced four basic behaviors of seek-
ing, fear, panic, and rage, related to a basic emotion 
theory. The instinctual motor brain controls metabolic 
no fixed emotion theory exists9).  The famous basic emo-
tion theory of Ekman was derived through examination 
of human expression, and then could not fit animal be-
havior6). 
Social emotions/feelings
　Animals formed groups as part of their evolution. 
The main merits of forming groups are protection from 
predatory animals and larger animals which are stron-
ger, and to hunt through cooperation. Contrastingly 
groups also have the demerits of food sharing. Howev-
er, the merits outweighed the demerits, making groups 
more successful. Groups were initially formed through 
blood relationships. If a hierarchical rank is formed of a 
larger group, the probability to get food and a spouse is 
equivalent to advancing to the higher ranks in the soci-
ety.
　Recently social intelligence, defined as the ability to 
maintain relationships among individuals, has been 
shown to be important through the outdoor observation 
of chimpanzees21, 22) through things such as empathy, 
alliance, deceit, etc. The advantage social intelligence 
offers is that individuals can remain members of groups 
through using these abilities. Further behavioral vari-
ety in the form of feeling and emotions are required to 
be social such as sorrow, shyness, love, shame, etc. For 
example, empathy to one’s partner’s sorrow, adds to 
intimacy and increases opportunities to generate off-
spring, perpetuating individual genes23, 24). Outdoor ob-
servation also shows some monkeys require alliances or 
cooperation with other males to get or maintain the 
dominant male position in the group25). As the group 
population increases, third person relationships increase 
rapidly. An individual cannot keep their position in a 
group without understanding such relationships, and it 
is difficult to maintain relationships in the group through 
only core emotions. Animals cannot form a group only 
in anger, and so the ability to inhibit anger is required. 
These are so-called social emotions/feelings. The word 
feelings is used because the formation of self-conscious-
ness is found in chimpanzees, and also the origin of hu-
man feelings is pointed toward through chimpanzee’s 
expression of such feelings.
Intellectual feelings
　The final aim of studying feelings is to understand 
human feelings. The origin of feelings in humans can be 
inferred from primates, but such inferences do not lead 
to complete understanding of human feelings even if we 
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self-contained feeding and drinking behaviors29). The en-
docrine system for maintenance of the internal environ-
ment is controlled through a pituitary gland, and the 
nucleus of the autonomic nervous system is also pres-
ent in the hypothalamus. Minimum survival is possible 
without the brain higher than the hypothalamus. On 
the contrary, the fear reaction does not appear even if 
we stimulate the hypothalamus. Olds discovered an in-
tracranial self-stimulation, where the animal wants to 
stimulate a certain brain area, and proposed a reward 
system30). He also proposed the punishment system30). 
The hypothalamus thus controls primitive positive and 
negative reinforcements through instinct behavior and 
autonomic control.
　Electrophysiological study showed that the lateral 
hypothalamus neurons in monkeys responded to inges-
tion of food31~33) and water34). This response to food cor-
responds with satiation from food intake32, 33).
　Recently it has been shown that the dopamine sys-
tem in the mesencephalon tegmentum nuclei of the 
midbrain contributes to a reward system35). Also, the 
classical neurotransmitter serotonin and noradrenaline 
originate in the mesencephalon. These transient long 
fibers mean primitive emotions and primitive motiva-
tions are influenced by higher sub-systems in the brain.
Emotional brain
　The part of the brain that corresponds to the core 
emotions is the limbic system, which is equivalent to 
MacLean’s old mammalian brain15). The amygdale has 
been identified as a site to control fear36, 37). Systematic 
anatomical analysis indicates that the central nucleus of 
the amygdale has a role in the output of emotional ex-
pressions. Its fear information is sent to the hypothala-
mus to regulate internal control of the body. The hypo-
thalamus and brainstem are thought to be the output 
region for internal reflexes involved in freezing behav-
ior38). A lesion study showed that the amygdale controls 
recognition and memory in fear36). In fact, amygdalar 
neurons responded to the sight of objects related to 
fear such as syringes and gloves catching, etc39~41). In 
primates, amygdalar neuron response is more respon-
sive to visual information of objects than the lateral hy-
pothalamic neurons42).
　The amygdala receives taste information from the 
gustatory cortex and neurons responded to the taste of 
preferred juice or non-preferred saline39). Also the 
amygdala and insula cortex are related to taste aver-
sion conditioning43). The medial part of the amygdale is 
and hormonal balance through the lateral hypothala-
mus, and seeking circuits including the ventral basal 
ganglia and the brainstem. The emotional brain corre-
sponds to the limbic system and controls fear, panic and 
rage.  The rational brain is especially unique in humans. 
Thus the brain has a hierarchical system. Higher func-
tions can operate only on the basis of lower functions, 
but lower functions can operate independently of high-
er ones.
　Rolls also proposed a different hierarchical diagram 
that pointed out behavioral information processing from 
sensory processing to motor control12). The first tier cor-
responds to sensory processing of visual, taste, olfaction 
and somatosensory information in the cortex. This level 
contributes processing of ‘what’ information from the 
external environment. The next tier is a level of evalu-
ation of reward and affect in the central nervous sys-
tem. He proposed these areas to be the lateral PFC, the 
amygdala and the orbitofrontal cortex. Of these, the 
orbitofrontal cortex is a central site of evaluation and 
reinforcement of motivational behavior. The third tier is 
a level of decision-making and output control, which 
corresponds to the medial PFC, the cingulate cortex, 
the striatum, and the lateral hypothalamus. The lateral 
hypothalamus is related to control of autonomic and en-
docrine output responses, and also ingesting energy 
and water balance behavior. This model of three tiers is 
mainly introduced through the neuro-computer model 
of motivational and emotional behaviors12). 
　On the other hand, our evolutional model of emotions 
is focused on functional discrimination of complex emo-
tional representations and their corresponding brain 
areas (Fig. 2).
Primitive brain
　A minimum condition to define the primitive brain is 
that animals have acquired an ability to survive and 
maintain their bodies autonomously. This means that 
the brainstem might be excluded, because an animal 
isolated to only a brainstem does not survive. Thus, 
primitive emotions are related to both the midbrain and 
the hypothalamus, and also include a ventral part of the 
basal ganglia as motor output28). These regions are old 
evolutionarily, and the hypothalamus controls instinct 
behavior for animals to live in the environment. It also 
includes behaviors to regulate maintenance of energy 
and nutritional supplies, fluid balance and body tem-
perature regulation, for survival in the environment19). 
Stimulation of the lateral hypothalamus can induce 
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identified to be linked to regions in the tempo-parietal 
junction and prefrontal cortices53, 54). The tempo-parietal 
junction supports the uniquely human ability to reason 
about the contents of mental states. The medial pre-
frontal cortices are implicated in emotional empathy 
and human representation of triadic relations between 
two minds and an object. In future, these themes will be 
main targets for research.  Recently, high quality data-
bases of fMRIs of humans are being assembled. These 
studies will contribute evidence to indicate a difference 
between humans and primates45). Human uniqueness 
can only be applied to humans and the definition of 
human uniqueness is obvious, since humans construct 
history, culture, science and technology.
　In the hierarchical model described here, higher func-
tions are relatively open, while lower levels are closed. 
Animals with higher brains can control flexible behav-
ior in complex external situations.　 Within the intellec-
tual brain, the human brain displays many unique orga-
nizational functions such as speaking, thinking and 
planning.
Conclusions
　We proposed four sub-systems of emotions/feelings 
from a theory of evolution classification of lower ani-
mals to humans. They are primitive emotions, core 
emotions, social emotions/feelings and intellectual feel-
ings, respectively. It is useful for discussing emotions to 
distinguish the qualitative differences between these 
hierarchies. Particularly, identification of intellectual 
feeling in humans does not lead to confusion with the 
animal emotions, and suggests clear differentiation be-
tween humans and animals. We argued about the brain 
structure correspondence for these four sub-systems of 
emotions/feelings. The human brain basically has a 
structural and functional hierarchy, though some over-
lap was seen functionally. Future brain image studies 
will contribute to identification of the intellectual feel-
ings characteristic of humans.
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